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INTRODUCTORY REMARKS 
From its formal origin with Euler in 1736, the collection of mathematical ideas 
embodied in the term graph theory initially developed rather slowly. Because graph 
structure is so natural a way to interpret phenomena in science (physical and social) 
it has attracted the cautious attention of most mathematicians since Euler. How- 
ever, in a mathematical world so strongly committed to continuity, the subject, 
though natural, was, by virtue of its discrete nature, heretic and thus, with notable 
early exceptions, to be studied allegorically, usually under the guise of game playing. 
A second source for prudence stems from the simplicity of graph-theoretical expres- 
sion. Those who equate simplicity with naivety are reluctant to shed their cloak of 
erudite obscurity and explain ideas in the simplest terms available. These attitudes 
are changing as mathematicians and scientists realize that so much of the way 
natural phenomena are perceived has an implicitly graph-theoretical character. To 
fail to recognise this and hence fail to render explicit what is implicit is to pass up 
an exciting opportunity to discover the unified nature of modern thought in 
chemistry and physics. 
That graph theory should have much in common with chemistry, especially 
organic chemistry, was perhaps anticipated in a letter from the chemist F. Wohler 
to his friend J. Berzelius in 1835, 
‘Die organische Chemie kann einen jetzt ganz toll rnachen. Sie kommt mir 
wie ein Urwald der Tropenltinder vor, voll der merkwiirdigsten Dinge, ein un- 
geheuren Dickicht, ohne Ausgang und Ende, in das man sich nicht hinein 
wagen mug. ” 
F. Wohler to J. Berzelius 
(letter 28 January, 1835). 
(Organic chemistry just now is enough to drive one mad. It gives me the impression of a primeval 
tropical forest, full of the most remarkable things, a monstrous and boundless thicket, with no 
way of escape, into which one may well dread to enter.) 
Certainly the connection was clear when graph pictures were compared with the 
molecule pictures of A.S. Couper (1858) and F.A. Kekule (1854) a step that heralded 
the ‘enlightenment’ of organic chemistry. Wohler’s words acquired new explicit 
meaning in the well known paper of the mathematician A. Cayley (1874) on the 
enumeration of (tree-like) chemical isomers. The subject was greatly extended with 
the enumerative work of G. Polya and, more recently discovered but independent, 
work of J.H. Redfield. 
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It would perhaps have been hard to predict 120 years ago the synonymy between 
mathematical graph structures and chemical molecular structures that are now being 
uncovered. Statistical mechanics with its analysis of clusters; chemical behaviour 
through structure activity relations; quantum mechanics and atomic incidence 
patterns; molecular interactions in random structures to name but a few. The inter- 
face between graph theory and chemistry continues to grow, diversify and develop 
rich patterns of interconnections, like a percolation process approaching its thres- 
hold. Today there is almost no branch of chemistry, including its more recent rela- 
tives in polymer science and biology, that is not enriched by or enriching the 
mathematical theory of graphs. 
The impact of graph-theoretical thinking in physics has, with some notable excep- 
tions, developed more slowly. G.R. Kirchoff (a contemporary of Couper and 
Kekule) in 1847 firmly founded the theory of electrical networks as a graph- 
theoretical structure and, as a result also made significant contributions to the 
mathematics of graph theory. His tradition has continued into the newer sciences 
that have grown from physics such as telecommunications and computer science and 
through them into fields such as information science. 
Yet what of those topics in natural science that are considered the principal pre- 
serve of classical physics? Here lie tremendous possibilities. Certainly, in the wake 
of the creation of The Calculus by Newton and Leibnitz early in the 1700’s we might 
expect that classical mechanics and ‘optiks’ might remain aloof and resistent to in- 
roads from discrete mathematics. However, relativity and the quantum revolution 
made graph-theoretical ideas seem almost natural as was suggested by Sir Arthur 
Stanley Edington in his inspiring Edinburgh lectures of 1927, 
“Success in the game of World-Building consists in the greatness of the 
contrast between the specialised properties of the completed structure 
and the unspecialised nature of the basal material. 
We take as building material relations and relata. The relations unite 
the relata; the relata are the meeting-points of the relations. The one is 
unthinkable without the other. I do not think that a more general 
starting-point of structure could be conceived.” 
Sir Arthur Eddington 
Gifford Lectures at the 
University of Edinburgh (1927) 
(see Nature of the Physical World) 
The ‘basal materials’ of Eddington are vertices and edges. The ‘World’ structure 
his lecture continues by describing is graph theory and we are left to ponder why 
his challenge to physics remained unanswered for so long. Only recently, in critical 
phenomena and in fundamental particle physics, can we see growing recognition of 
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the graph-theoretical nature of physical theory. The potential for new insight about 
nature as this continues is immense. 
It has been commented that modern molecular theory is founded on essentially 
praph-like models located in some appropriate embedding space. We extend these 
sentiments to physical theory and it is this that provides the raison d’ttre for the col- 
lection of papers in this Special Volume. We concur that to fail in delineating the 
contributions from model and from embedding space is to risk introducing logical 
inconsistencies in our attempts to axiomatize and analyse natural phenomena. This 
is because a graph-like model is an essentially discrete object, while many embed- 
ding spaces possess a continuous character. However, we reject entirely the notion 
that either can be considered to the exclusion of the other, for that attitude is simply 
indiscrete dogma serving only to impede progress toward scientific understanding. 
Here then lies an opportunity for all natural philosophers to unite in the quest for 
knowledge and understanding. 
In the graph theory n chemistry n physics interface much has been done, yet 
this is a small part of what is possible to do. We indeed thank all of our contributors 
for their papers which collectively review and advance estabished topics and sign- 
post new (perhaps even revolutionary) directions for activity in the interdiscipline 
in which we feel privileged to participate. 
We express our sincere thanks to the many referees who, except to us, must re- 
main nameless. Their time and energy resulted in valuable suggestions that were 
gladly incorporated by the authors. Our special thanks also to Professor Peter L. 
Hammer (RUTCOR, Rutgers University) for his enthusiasm and advice on this pro- 
ject. We acknowledge with pleasure the unstinted encouragement, financial and 
other, given by Pace University throughout our work in editing this Special Volume. 
January 1987 John W. Kennedy & Louis V. Quintas 
Mathematics Department 
Pace University 
New York, NY 10038 
U.S.A. 
“There are children playing in the street who could solve some of my 
top problems in physics, because they have modes of sensory perception 
that I have lost long ago. ” 
J.R. Oppenheimer 
Lecture at M.I.T. 
25 November 1947 
